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Dear EDThoughts Reader,

Many good intentions have gone into ambitious education reform goals, including those
ratified by the U.S. Congress in 1985. But the year 2000 deadline has passed, and our
nation has not made measurable progress toward the goal of becoming “first in the world
in mathematics and science education.”

In international comparisons, our students’ overall mathematics and science
achievement is mediocre. The Third International Mathematics and Science Study
(TIMSS) from 1995 showed our 3rd- and 4th-graders scoring above the international
average but our 12th-graders scoring well below. The TIMSS-Repeat results released in
2000 do not show significant improvement. What can we do to make a difference?

EDThoughts provides a place to start. The mathematics and science EDThoughts books
summarize educational research and surveys of best classroom practices, and they offer
implications for improved teaching and learning. '

Classroom teachers and K-12 administrators will find these books useful for their own
professional development; teacher educators can use them to inspire their students; and
parents and the public may discover the effects of present and proposed practices on
future generations. Effective reforms in mathematics and science education practice and
policy will require the collaboration of all of these stakeholder groups. They will need a
common understanding of the current status of mathematics and science education and
of the direction that research and best practice indicate for improvement as well as how
they can help accomplish reform. We hope that this book provides a foundation for
greater understanding and reflection.

Please take a moment to fill out and return the postcard enclosed in this volume. You
then will be sent a short survey that will help us to design useful supporting materials and
products and to keep this document fresh. Your participation is sincerely appreciated.

Signed,
ohn Sutton Alice Krueger im Woodland
g J
McREL McREL CSSS
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Preface

The world around us is changing rapidly. There have been changes in how people live, work,
and learn. Likewise, the culture and practice of science continue to evolve. Science is
conducted less in bounded disciplines like physics or biology and more in transdisciplinary
research fields, of which there are over 400 in the area of biology alone. Advances in
technology were once generated by discoveries in science; now current technology may limit
scientific inquiry. The demand for applications of science in daily life influences its
development and raises perplexing questions. Science increasingly concerns itself with ethics
and values.

Corresponding to changes in science, there have been over 400 science education reform
documents published since 1970. Education reform connects instruction to new forms of
information, especially the Internet. As students increasingly are educated to become lifelong
learners, they must develop skills to manage and use knowledge to solve problems in the
personal, social, and economic realms, not just in textbooks. Today’s students will need to
build their capabilities for career changes more so than at any time in the past. Most twenty-
first century careers are knowledge-based, not skill-based. Knowing how to access, evaluate,
and use information is a major component of literacy.

The concept of “scientific literacy” was first voiced by biologist and educator Paul Hurd in
1958. Science literacy is defined in the context of the current society, thus recognizing the
interactive relationship between science as a discipline and the society in which it is practiced.
More recently, Nobel Laureate Glenn Seaborg worried that high school graduates were
foreigners in their own increasingly-scientific culture, because they did not have an adequate
working knowledge of science. National science education standards describe what a literate
high school graduate should know and be able to do to serve well as a citizen who makes
decisions about matters dealing with science topics.

The primary purpose of science education is to prepare future citizens for informed decision
making. If the scientist is a broker of scientific knowledge, providing basic information,
suggesting its utility, and identifying risks of using the information, the science student is a
consumer of this information. Only about two percent of science students will become
scientists. The emphasis of instruction in science classrooms should be on the future (using
science for solving society’s dilemmas), not on the past (science taught as a history of the
discipline).

The purpose of this volume is to support standards-based reform of science education. For

‘each question addressed, background is provided from the perspectives of research and best
practices, followed by implications for improving classroom instruction.
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Teachers need the findings from research and best practices to inform their daily decisions.
Part of the decision-making process requires teacher expertise (knowledge and experience) in
determining whether the practices being considered for adoption would work in their own
classrooms. Using data to drive instructional decisions improves the efficiency of reform
efforts by focusing change in the desired direction toward improved student achievement. It
is ineffective for teachers to base decisions on anecdotal information or individual cases.

The authors of this volume strongly support standards-based systemic reform. They recognize
that the national science education standards describe not only important curricular content,
but additional ways to reform all parts of the educational system to support improved
teaching and student achievement. Systemic reform purposefully revises and aligns all
components of a system. The science education system is complex, including components
such as assessment, curriculum, equity, student outcome standards, teaching, professional
development of teachers, stakeholder involvement, leadership, and policy. While the last three
topics are generally beyond the scope of this volume, they are important in the context of
standards-based systemic reform. '

Every person concerned with teaching and learning science, whether teacher, administrator,
student, parent, or community member, will find useful information in this document. As the
nation moves forward in reform of science education, we must not forget lessons learned
from research and best practices. These will guide us toward the improvement of our
students’ achievement that we cannot afford to miss.

11
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About the EDThoughts Books

The format of this series of books is intended to bring to K-12 educators the rich world of
educational research and best practices. As classroom teachers are mainly concerned with
what works in their own classrooms, these documents balance reporting research results with
drawing implications from it. Thus each pertinent question is addressed through both a page
of Research and Best Practice and a page of Classroom Implications.

The background research and related documents for each question are cited in compressed
format in the margin bar on the right page. There is a full citation of all References in the
back of the book to allow the reader to examine the primary source documents. In addition,
for those desiring deeper professional development on any of these questions, a list of
additional Resources is also available. It is the intent of the authors that the format of the
EDThoughts books will encourage classroom teachers to delve into the available results of
educational research and apply the findings to improve the achievement of all their students.

The list of authors for the EDThoughts science and mathematics books includes state content
consultants belonging to both the Council of State Supervisors of Science (CSSS) and the
Association of State Supervisors of Mathematics (ASSM), and mathematics and science
experts from several Eisenhower Regional Consortia. The editors belong to Eisenhower
Regional Consortia, Regional Educational Laboratories, and other national organizations.
With such wide geographic representation among authors and editors, the reader may expect
to find an equally wide range of perspectives represented.

There are unifying threads throughout all the articles. One common element is the authors’
reliance on the national standards, both the NRC National Science Education Standards and the
AAAS Benchmarks for Science Literacy, as compilations of best practices. It would have been
possible to list these standards documents as References on every question. Another common
theme is the importance of quality science education for all students. The reader will also
notice the frequency with which professional development needs are stated in the Classroom
Implications sections. The presence of these common themes shows the consistency of
approach of the diverse authors.
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All students can learn science, and they deserve the opportunity to do so. National
standards — set forth in the National Science Education Standards (NSES) and Benchmarks for
Science Literacy — define science literacy expectations for all students. Content standards
describe what all students are expected to learn. However, recognizing the diversity among
the nation’s children, educators do not expect all students to learn the material in the same
manner, using the same materials, and in the same time frame. To quote the NSES:

The Standards apply to all students, regardless of age, gender, cultural or ethnic background,
disabilities, aspirations, or interest and motivation in science. Different students will achieve
understanding in different ways, and different students will achieve different degrees of depth and
breadth of understanding depending on interest, ability, and context. But all students can develop
the knowledge and skills described in the Standards, even as some students go well beyond these levels.

@2

To achieve “science for all” will take a concerted effort of all stakeholders in our childrens’
education. We must continue to make progress toward providing rich, well-supported
learning environments that respond to the unique educational needs of every student. This
is the goal of science education reform.

14



Science
o For All

What is equity and how is it evident in science

classrooms?

The focus of an
equitable science
program must be on
student outcomes.

Research and Best Practice

An equitable science program provides high-quality science education for
all students. Students not only have access to quality science courses and
instruction, but they also have the support necessary to ensure their
success in the courses. Equitable school programs must ensure that
student differences in achievement will not be based on race/ethnicity,
gender, or physical disability, and appropriate instructional support must
be provided for all students to ensure success for all.

A common perception of equity in science is that all students should be
provided equal opportunity and access to science classrooms. While this
is commendable, opportunity and access are not enough to ensure that
all students achieve desired outcomes. To ensure student success, an
educational system must focus on student outcomes and provide the
support necessary for students to achieve those outcomes. Since different
students learn in different ways, equal treatment for all students does not
guarantee equal success. The greatest student success occurs with
different instructional strategies addressing the learning needs of all
students. Students must be provided equal opportunity and access to
science classes, while receiving the support necessary to be successful in
those programs.

Current science reform initiatives stress achieving excellence through
systemic school reforms. These reforms, though commendable as goals,
often do not address issues of equity. Higher standards and alternative
testing are often not accompanied by the resources and school support
needed to increase the achievement of underrepresented groups of
students. School reform that emphasizes science for all students will
entail a fundamental restructuring of the science program and other
aspects of education as well. Research indicates that effective schools
have a clear school mission, strong building leadership, a supportive and
safe school climate, specified classroom curricula and instructional
methodologies, frequent monitoring of student progress, and positive
school/community relations. Varied instructional strategies for delivering
high quality content to all students will be a part of every classroom.

| )
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Classroom Implications

The focus of an equitable science program must be on student outcomes.
Teachers and principals are responsible for the achievement of all
students, and consequences for lack of student success fall not only on
students, but also on teachers, principals, and whole schools.

A variety of instructional methods should be used by teachers to reach
all students with high quality content. These strategies will

 Address different student learning styles

* Encourage the participation of underrepresented students

* Support students in constructing their own understanding

* Challenge all students

» Encourage diverse student cooperation

* Encourage the use of inclusionary language in all classroom
communication

* Involve parents in student learning

Adequate knowledge of science content and pedagogy is essential for
teachers to effectively address the needs of a diverse group of students.
Assessments need to be analyzed for bias and must be fair to all
students. In-service teachers should regularly take advantage of content-
specific professional development to enrich their content knowledge and
to stay abreast of the latest teaching techniques.

The physical environment of the classroom should be interesting and
inviting for all students. The classroom should display student work and
other material representative of gender, race, culture, and physical
disabilities, and show a diverse group of people involved in science
activities and careers. The classroom arrangement should allow all
members of the class to participate in learning activities. For example, all
students learn to use equipment; develop their ideas; discuss
observations and results; and operate computers.

16
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Science
o For All

What are the impacts of ability grouping and

tracking on student learning?

As the demands for a
more scientifically
literate society
continue, schools need
to respond to

the challenge of
providing more
meaningful science to
more of our students,
more of the time.

Research and Best Practice

Tracking and ability grouping are used to provide differentiated,
developmentally appropriate instruction, but rarely allow for upward
movement between tracks or groups when a student makes
developmental leaps. Hence, a conflict exists between the structure of
academic tracks or ability groups and the academic and intellectual
growth of students. The student should be the reference point for
addressing the complex issue of who should learn what science and
when. The profound question of whether or not to “sort” students
encourages educators to think about the implications of placing students
in various ability groups or tracks for science instruction. Will the
students benefit or continue to struggle?

The structure of instruction in the lower tracks tends to be fragmented,
often requiring memorization and filling out worksheets. Although some
higher track classes share these traits, they are more likely to offer
additional opportunities for making sense of science, like class
discussions, writing reports, journaling, and real-life science applications.

Traditional tracking is not the only practice available to educators that
allows differentiated instruction. In a differentiated heterogenous
classroom approach, teachers assess student needs and design the
delivery of content based upon students’ understanding of science using
a variety of instructional strategies that focus on essential concepts and
skills. Inherent in this practice is the opportunity for all students to
receive quality science instruction while in a heterogeneous group.

Practices in teacher assignment contradict the mantra of science for all.
Indications are that teachers with the least scientific background instruct
primarily the lowest performing students in science. Studies also suggest
that expectations placed on students differ according to their assigned
track or ability group. Students deemed less capable, experience less
science.

As the demands for a more scientifically literate society continue, schools
need to respond to the challenge of providing more meaningful science
to more of our students, more of the time. Education is not meant to sort
students, but to help them uncover their hidden scientific talents.

17
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What can schools do to facilitate students’

opportunity to learn science?

“By emphasizing both
excellence and equity,
the Standards also
highlight the need to
give students the
opportunity to learn
science ...
Responsibility for
providing this support
falls on all those
involved with the
science education
system.”

National Research Council,
1996, p. 2.

Research and Best Practice

Opportunity to learn (OTL) means maximizing learning for all students.
OTL strategies include access to courses; a curriculum that meets content
standards and is free of hidden bias; time to cover content during school
hours; teachers able to implement content standards; adequate
educational resources; respect for diversity; school safety; and ancillary
services to meet the mental and social welfare needs of all students.

While other staff play roles in providing OTL, the teacher makes an
immediate impact on several components. Teachers’ attitudes and
expectations are critical in determining how well students perform in the
classroom. These expectations can increase or decrease a student’s
performance or effort. By varying instruction and understanding the
differences in needs and learning styles of individual students, teachers
facilitate a learning community for their students. A community climate
improves student achievement. Effective climate depends heavily on
access to a rich array of learning resources, hands-on materials,
laboratory equipment, and space. This environment promotes group
collaboration, essential to student-centered classrooms.

Opportunity to learn is also facilitated through student-centered
classrooms focused on higher-order thinking skills, inquiry, substantive
conversation, and real world context. Student-centered classrooms engage
students in social and interactive scientific inquiry accomplished through
evidence-based discussions and reflection on learning. Learning is an
active process that allows students the opportunity to construct
understanding through empirical investigation and group interaction.

Opportunity to learn is enhanced by linking student learning to their
social and cultural identity, which assists students to better understand
the subject being taught. The premise of culturally responsive curriculum
and pedagogy is that a student becomes more engaged in content when
that content is significant to their own cultural beliefs and values.
Alaskan educators have developed programs based on local traditions
focusing on science and mathematics. This approach has facilitated
learning new concepts by using the cultural context with which students
are already familiar. The programs incorporate a variety of female and
minority role models in lessons to amplify students’ confidence and
comfort with the content being taught. These role models demonstrate
that anyone can be successful in science.

6 19



Classroom Implications

Skilled teachers and school counselors can help all students achieve to
their greatest potential. Their influence can convey high expectations
and help raise students’ self-esteem and performance. A standards-based
curriculum implemented through creative use of classroom strategies can
provide a learning environment that both honors the strengths of all
learners and nurtures the areas where students are most challenged. By
including science content from a variety of cultures and personal
experiences, teachers enhance the learning experience for all students.

When instruction is anchored in the context of the learner’s world,
students are more likely to take ownership and determine the direction
for their own learning. When the teacher, armed with opportunity-to-
learn strategies, facilitates students’ taking responsibility for their own
learning, the result is an equitable learning experience. Consequently,
students’ science knowledge becomes connected to the socio-cultural
context to create scientific habits of mind.

To foster good teaching and high student achievement in inquiry-based
science, adequate resources for classroom instruction should be made
available to all students. Balances, microscopes, and laboratory supplies
for a rich variety of investigations should be used regularly by all
students. Consumable laboratory materials should be replaced as
needed, and equipment must be kept in good repair. Schools that
support equal access to laboratory facilities, supplies, equipment, and
resources are more likely to produce a student population with high
scientific literacy.
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How can science activities and facilities
gccommodate students with disabilities?

Each student has
something of value to
offer the community
of learners. It is the
responsibility of the
teacher to establish an
atmosphere where all
learners can
contribute.

Research and Best Practice

Over ten percent of U.S. students are identified as having a disability and
are served through an individual education program or plan (IEP).
Legislation calling for equity in educational opportunity requires that
students with disabilities have access to the general curriculum. As the
number of students accessing the general curriculum in mainstreamed
settings increases, the need for equipment, facilities, and instructional
strategies to teach all children becomes critical.

Despite progress both legislatively and culturally, students with
disabilities often lack the access to science learning afforded other
students. One significant barrier is the design of the facilities for
student’s laboratory work, field investigations, and research. Another
significant barrier is non-supportive teacher behaviors, including choice
of instructional materials and strategies. In addition, students with
restricted vision and hearing may have difficulty accessing instructional
materials, media, and laboratory technologies.

Barriers like these can be overcome using adaptive technology devices
that integrate a student into the classroom learning environment, as well
as the culture of the school. Examples include Braille or “talking”
measuring equipment and recorded textbooks. School facilities should
provide sufficient space to create a rich learning environment. Facilities
should accommodate materials and equipment set up for long periods for
repeated use. Labeled displays of materials and equipment may create
interest and familiarity for a student with a learning or emotional
disability. Numerous, varied activities will provide students with the skills
to achieve in science.

Almost half of all students classified with disabilities have a learning
disability. A successful learning strategy for these students is cooperative
learning, or students working as teams. Also, same-age grouping helps
develop social skills. Cooperative learning, like many of the
accommodations needed to provide students with disabilities access to
learning, enhances learning for all students.
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Classroom Implications

Teachers should assess all their students’ needs to inform instruction,
particularly for students with disabilities. Students are individuals whose
talents and disabilities vary widely in range and severity. Expanding a
student’s talents is as important as making appropriate accommodations
to overcome disabilities. Each student should be evaluated individually
without generalizing, considering needs and preferences, facilities and
available technologies.

Some accommodations that might be tried include

¢ Altering lab bench heights and maintaining space for students in
wheelchairs ~

+ Using tables instead of desks to encourage student collaboration

* Providing lab stools for students who need assistance for
extended standing

* Acquiring electronic data collection devices for students with
limited dexterity

* Using microscopes in conjunction with projectors

* Finding accessible field sites

* Assigning individual FM units for students with hearing
impairments

* Using closed captioned v1deos and CDs

* Utilizing adaptive measurement devices and computer stations,
including audio or tactile displays and text-reader software and
graphical user interfaces

* Designating peer note takers or providing lecture outlines

* Installing sound-absorbent classroom materials to minimize
echoes and background noise

* Avoiding instruction in front of windows or bright lights

* Creating sufficient space for collaboration in small groups and
individual coaching

Despite good intentions, it is extremely difficult to anticipate all possible
needs of students with disabilities. The science teacher is part of a team
of professionals serving a student with an IEP. Teachers must be flexible
about curriculum, provide appropriate accommodations, structure
instruction around a variety of learning styles, and inquire into students’
learning needs. Each student has something of value to offer the
community of learners. It is the responsibility of the teacher to establish
an atmosphere where all learners can contribute and to have a genuine
concern for individual students’ needs.
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How can different learning styles be addressed

with consistent expectations?

“They’re not dumb,
they’re different.”
Tobias, 1990.

Research and Best Practice

Learning styles are collections of personal characteristics, strengths, and
preferences, describing how individuals acquire, store, and process
information. Learning style factors include information processing modes,
environmental and instructional preferences, cognitive capabilities, and
personality features. Individuals may demonstrate a balance among the
dimensions of a learning style, or they may show strengths and
weaknesses. Strengths and weaknesses may have implications for course
success, and eventually for career choice. Groups of students from
different cultures may exhibit distinct average learning styles, but there
are often such broad within-group variations that generalizations about
learning styles and cultural background are not reliable.

Learning styles not only influence how individuals learn, but also how
they teach. Teachers often teach in the manner in which they had been
taught even if it does not support the learning style preferred by most
students. Teachers aware of their own teaching styles are able to make
better choices of instructional strategies that do not impede learning.
They can interpret students’ questions, comments, and answers in the
context of learning style variations. For collaborative group work, multi-
style student teams will optimize inquiry and problem-solving.

It is important for students to know their learning style strengths and
weaknesses and to develop a set of learning strategies to use their
strengths and compensate for weaknesses. When instructed in the use of
various learning strategies, students become more efficient and effective
in their studying and more likely to attribute success or failure to their
own choice of learning behavior rather than to their innate competency.
Science teachers who have taught their students about learning styles
find that they learn the material better because they are more aware of
their thinking processes. Students conscious of learning style differences
develop interpersonal communication skills critical to adult success.

Longitudinal studies of outcomes of instruction specifically geared to a
broad range of learning styles show students have improved learning,
increased satisfaction with instruction, more skill in applying knowledge,
and enhanced self confidence. Science teachers should note that an
inquiry approach incorporates aspects of various learning styles.
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Classroom Implications

Learning style strengths and weaknesses can influence task success and
overall achievement. Students should know personal learning strengths
and weaknesses, and be able to use strengths to compensate for
weaknesses. Tools for assessing learning (and teaching) styles are
available. They can provide clues, not labels, to personal styles; learning
styles are preferences, not traits or abilities. Students need to learn
strategies for coping with varied learning environments and how to
modify or generalize strategies for novel situations. Strategy use includes
knowledge about the strategy, when to use it, and how to tell if it worked.

When there is a significant unaddressed mismatch between teaching and
learning styles, students are inattentive, bored or discouraged, and
perform poorly. In response, teachers may become overly critical,
misinterpret poor scores as low ability (which exacerbates the situation),
or become discouraged with teaching. Therefore, teachers must know
how to identify learning and teaching styles, and how to teach various
learning strategies. They can use differentiated instruction that is varied
enough to meet students’ needs while respecting diversity. Flexible
teaching and assessing benefits learners who choose among standards-
based learning methods and products.

If teachers teach exclusively in a student’s less preferred style, discomfort
may interfere with learning. However, students must experience non-
preferred learning styles. Preferred styles are not static, and skill
development in non-preferred modes provides advantageous mental
dexterity. Learning in early stages of a curriculum unit may be more
efficient using a different style than later in the same unit. It is important
that the teacher balance instructional methods so that all students are
taught partly in their preferred styles, but also practice learning in less-
preferred modes. The teacher’s choice of learning style typology within
which to plan lessons is irrelevant. Teaching that addresses all
dimensions (“teaching around the cycle”) on most of the theoretical
models is more effective than unidimensional teaching.

In assessing students whose learning will be demonstrated through
different learning styles, it is important for the teacher to consider the
criteria for success. Demonstrations may vary, depending on learning
styles, but in a standards-based classroom, the expectations of content
and process coverage may be met through any demonstration that
addresses the standards.
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Learning and teaching science are both complex, active processes. Teachers are constantly
making decisions as they facilitate a daily learning environment in which they work with
their students as active learners. They must also undertake long-term planning to connect
daily efforts into the total education of each student. At the same time, they share
responsibility for their students’ success with other participants in the educational
community, which includes other educators, educational institutions, and the policies of
the educational system.

The National Science Education Standards (NSES) outlines theoretical and practical
knowledge and understanding about science, how children acquire science content, and
science teaching techniques that facilitate each child’s learning. Effective professional
development moves teachers toward the goals spelled out in the Science Teaching
Standards. Because teachers’ classroom decisions affect the achievement of each
individual student, teachers need to avail themselves of strategies as varied as their
students and their educational needs.



Science
° Teaching

What instructional methods support scientific

thinking?

“Good science inquiry
involves learning
through direct
interaction with
materials and
phenomena. One
important sign of
inquiry is the relative
level of control that
the students have in
determining various
aspects of the

learning experience.”

Kluger, B. -B., 1999, p. 47.

Research and Best Practice

Scientific thinking is an important aspect of inquiry. In addition to
asking questions, researching what is already known, planning and
conducting investigations, recording observations, collecting data,
developing explanations based on those observations and data, and
communicating one’s findings, it is critical for students to utilize
scientific thinking. They must be able to identify assumptions, use logical
and critical thinking, and be able to evaluate alternative explanations.

In order to develop scientific thinking skills, students must go beyond
learning disconnected facts or simply doing a hands-on activity. Students
are able to master scientific knowledge and processes while they use logic
and reasoning skills.

Inquiry and the National Science Education Standards summarizes research
findings on how students learn science. They include

* Students build new knowledge on what they already know
Students formulate new knowledge by modifying their current
concepts

* Learning is impacted by the social environment in which the
learners interact

* Effective learning requires students to take control of their own
learning

* The transfer of learning is affected by the degree to which
students learn with understanding

These findings demonstrate the need to develop scientific thinking skills
while learning subject matter.

Scientific thinking can also be enhanced through instructional methods
such as identifying similarities and differences; summarizing and
notetaking; nonlinguistic representations; cooperative learning; setting
objectives and providing feedback; generating and testing hypotheses;
and questions, cues, and advance organizers.
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Classroom Implications

Scientific thinking skills must be developed throughout K-12 education.
At the elementary level students are able to use their observations to
create reasonable explanations for their questions. They are also able to
conduct investigations in the form of a fair test. At the middle school
level students will begin to recognize the relationships between evidence
and explanations. Senior high students are able to analyze evidence and
evaluate their own explanations and those of scientists.

Although there are many instructional models that support scientific
thinking, most share certain aspects. They engage students in scientific
questions, provide opportunities for students to explore those questions,
require students to interpret data to create explanations, allow students '
to extend this learning, and evaluate what they have learned. Effective
instructional methods promote student activities such as

» Comparing, classifying, and using analogies

* Analyzing and synthesizing information that leads to
summarizing and notetaking

* Creating graphic representations or making physical models,
drawing pictures and pictographs

Just as one cannot learn to write without being actively engaged in the
writing process, it is impossible to teach scientific thinking without
having students engaged in the process of doing science. At a minimum
of once during each school year every student should complete one full
investigation. This student-centered investigation should be designed to
allow students to ask a scientific question, design and conduct a scientific
investigation, use appropriate tools and techniques to gather and analyze
data, develop explanations based on evidence, think logically to make
the relationships between evidence and explanations, evaluate alternative
explanations, and communicate scientific findings.

There are a variety of local, state, and national programs that support
the development of scientific thinking skills. These include the
traditional science “fairs,” invention conventions, and a variety of other
opportunities for individuals or groups of students to display their
scientific work. These activities need to be linked with regular
standards-based classroom activities.
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Science
o Teaching

How is inquiry taught?

“Good science inquiry
provides many entry
points — ways in which
students can approach
a new topic, and a
wide variety of
activities during
student work.”

Kluger, B. -B., 1999, p. 417.

Research and Best Practice

The National Science Education Standards is clear about the 1mportance of
inquiry teaching and learning. It says science teachers must “plan an
inquiry-based program,” “focus and support inquiries,” and “encourage
and model the skills of scientific inquiry.” Although some science
teachers use traditional, direct instruction methods in which students
master disconnected facts, students experiencing inquiry-based curricula
and instructional methods develop broad understandings, critical
reasoning skills, and problem-solving skills. Inquiry learning requires
environments and experiences where students can confront new ideas,
deepen their understandings, and learn to think logically and critically.
Five essential features of this type of classroom are

1. Learners are engaged by scientifically oriented questions. Helping
students to change their “why” questions into “how” questions
narrows the inquiry into a “testable” question.

2. Learners value evidence, and develop and evaluate explanations
that address scientifically oriented questions. Scientific
explanations about how the natural world works can be inferred
from data that can be validated by other scientists — empirical
evidence. Explanations based on myths, personal beliefs, religion,
superstition, or authority may be personally useful and socially
relevant, but they are not scientific.

3. Learners formulate explanations from evidence. Learners create a
set of logical explanations, a conceptual framework, using the
collected empirical evidence to address their question.

4. Learners evaluate their explanations in light of alternative
explanations, particularly those reflecting scientific
understanding. One explanation is selected and alternate
explanations rejected through an evaluation process. The best
explanations are consistent with evidence.

5. Learners communicate and justify their proposed explanations.
Explanations are communicated to interested others for skeptical
review and assessment.

The most important variation within the essential features is the degree
of teacher versus student self-direction. Teacher direction may be needed
to launch an inquiry, support the learner, or focus attention on a
particular method or topic. At other times, the student will benefit from
developing a personal method of organizing data or reporting to others.
29
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In inquiry-based classrooms, teachers support students as active learners
as they explore, carefully observe, plan and carry out investigations,
communicate through varied methods, propose explanations and
solutions, pose thoughtful questions, and critique their science practices. Bfo;’g;;g- IG" & Bﬁmlf“’ M. G.
Teachers in inquiry-based classrooms Sm der.st;ji(zirgi T%e case for
constructivist classrooms.

» Concentrate on collection and use of evidence
* Act as facilitators or guides

* Help students benefit from mistakes

* Model inquiry behaviors and skills { | Bybee, R. W. (1997). Achieving
» Use appropriate process vocabulary | scientific literacy: From -
* Encourage dialogue among students and the teacher purposes fo practices.

* Pose thoughtful, open-ended questions and help students do the Donovan, M. S., Bransford, J. D., &
Pellegrino, J. W. (Eds.). (1999).
How people learn: Bridging
research and practice.

Bruce, D. (1996). Inquiry learning:
What is it and how do you do it?

same ;
* Provide a rich variety of materials and resources for investigation
* Use raw data and primary sources of scientific information

* Assist students with clear oral and written communication Kluger, B.-B. (1999). Recognizing
inquiry: Comparing three

\ . . . . ege
* Allow students to expand upon previous inquiry activities : hands.on teaching techniques, —

Inquiry-based learning need not always be a hands-on experience. Layman, J. W,, Ochoa, G., & -

Reading, discussion, and research are fruitful techniques for practicing ?j&ﬁiﬁ;ﬁégﬁgﬂ?&tﬁe

scientific inquiry when scientific questions and evidence-based standards in the classroom.

arguments are used. Similarly, a hands-on, inquiry-based experience can

fail to help students learn the abilities and understandings of scientific Minstrell, ], & van Zee, E. H.
(2000). Inquiring into inquiry

inquiry if those learning goals are not explicitly addressed. learning and teaching in science.

National Research Council. {1996).

Teachers should experience scientific inquiry themselves in professional . ¢ )
National science education —

development, where their instructors model the role of teacher as standards.

facilitator of learning. Learning how to support student learning through

skillful questioning strategies requires ongoing professional development, National Research Council. (2000). &y,

discussion a d al reflecti P hi d Inquiry and the national science 15
ion among peers and personal reflection. Peer coaching an education standards. o

videotaping can be successfully used to improve teachers’ questioning §

skills. Examination of student work can also yield many insights into Rutherford, F. J., & Ahlgren, A.

Y L Ls : R . (1990). Science for all
students’ thinking processes and understanding of scientific inquiry. Americans. ,
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What role does teacher questioning play in
learning science?

Research and Best Practice

Learning is maximized in classes where questions are encouraged,
elaboration and explanation are expected, and feedback is frequent. In -
such classrooms, both large and small group discussions are prevalent,
with interaction between teacher and students and among students.

Effective science teachers (those who are highly rated by their students
and whose students perform well on both knowledge and inquiry skills
assessments) ask many questions of all types during their lessons.
Compared to less effective teachers, they pose more questions with
higher cognitive demand, and ask more follow-up questions. Their
students ask more questions as well. Questions focus on what is
important as opposed to what is unusual. Effective teachers also
orchestrate productive discussion in classrooms. Students engaged in
discussion are able to make sense of ideas, create as well as demonstrate
understanding, and reflect on their thinking. Questions can be used as
an effective learning tool prior to a learning experience.

Good questioning
requires skill and
planning.

Students in high performing and conceptually oriented classrooms are
expected to share ideas with others. Striving to explain helps them clarify
their own ideas even when their thinking is not totally clear or their
understanding is not well formulated. Students who must explain their
thinking organize thoughts differently, analyzing strategies by engaging

in self-reflection and analysis.

Studies of questioning in typical science classrooms confirm that most
questions make minimal demands on student thinking. Low-level
questions include yes/no inquiries, guessing, simple recall of fact,
formula, or procedure, leading or rhetorical questions, and those
answered immediately by the teacher. Answers are often immiediately
judged right or wrong by the teacher, and discussion moves to the next
question. Increasing the wait time between posing a question and
expecting an answer, increases the number of responses, student
confidence, responses by less able students, and reflective responses.
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Better teacher questioning practices lead to better learning by all Cocking, R. R (Eds), (1999).

students. The foundation of good questioning is strong content How people learn: Brain, mind,
knowledge, which is a critical factor in enabling teachers to understand experience, and school.
and respond appropriately to students’ questions. In addition, teachers

must have a firm understanding of how students learn topics so they can Cawelt G. (Ed.). (1999). Handbook

of research on improving

anticipate students’ misunderstandings, and plan appropriate questions. student achievement.
Good questioning requires skill and planning. Strategies to improve Dillon, J. T. (1988). Questioning
questioning techniques include and teaching: A manual of

) practice.

* Plan questions while preparing lessons. Write out questions to Marzano, R.J,, & Pickering, D. |

launch a lesson, and possible clarifying questions to use during (1997). Dimensions of learning. —
exploration.

. : : : — clarifvi Marzano, R. J., Pickering, D. J., &
Choo.se dlffert?nt q'uestlons 'for varied purposes —c a.rlfymg Pollock, J. . (2001), Classroomn
questions, redirecting questions, summarizing questions, instruction that works: Research-
extension questions, reflection questions. based strategies for increasing

» Tape lessons occasionally to monitor levels of questioning. student achievement.

* Focus questions on searching for student understanding. Remove Osman, M., & Hannafin, M. J.
emphasis from right or wrong answers. Low-level questions do not (1994). Effects of advance
give a good picture of a student’s grasp of a concept. organizing, questioning and —

~ prior knowledge on science

* Listen carefully to student answers. learning,

* Ask for a paraphrase of what has been said. This improves
attentiveness and assesses comprehension. Tobin, K. (1987). The role of wait

* Assume that every answer given by a student is meaningful and imuziggl?lgher cognitive level
“correct” to that student. They give insight into the student’s
mind by illuminating misconceptions and misunderstanding.

* Begin lessons with thought-provoking questions or problems to B
engage students and lead to new understanding of important I
content. Provide a variety of tools to assist exploration.

* Provide multiple opportunities for social interaction around '
science ideas. People construct learning by questioning, g'
discussion, and reflection. )

* Allocate time carefully. Make notes on effective amounts of time
for each class.

* Increase wait time. An observant teaching partner can assist. —

* Model self-questioning by “acting out” thinking when inquiring
about a problem: “I wonder what I should do next? Maybe I
should try ___.”
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How can teachers motivate students to enjoy

and want to learn science?

“Children’s curiosity
and persistence are
supported by adults
who direct their
attention, structure
their experiences,
support their learning
attempts, and regulate
the complexity and
difficulty levels of
information for them.”

Bransford, J. D., Brown,A. L.,
& Cocking, R.R., 1999, p. 100.

Research and Best Practice

Teachers and parents are often frustrated by students’ poor attitudes about
science and their lack of motivation to exert effort and learn. A school’s
commitment to educate all learners needs enthusiastic student participation
in order to make the vision of success for all a reality. Motivation to learn
can be enhanced through teacher behaviors, curriculum, and the culture of
the classroom. Highly motivated students identify certain teacher
characteristics as contributing to their attitude. These characteristics
include being knowledgeable about the subject matter, a capable
communicator, committed to student success, creative, and competent.

There is an art to posing inquiry-based science questions in a manner
that encourages and supports further investigation, reveals student
understandings and misconceptions, and values progress toward
explanations consistent with scientific knowledge. There are cultural
differences in children’s experience with various kinds of questions and
interactions with adults. All students can benefit from learning how to
learn and recognizing their individual learning styles.

A standards-based curriculum provides information on what students
should learn, but teachers make the curriculum accessible to students
through their choice of instructional materials, lessons, homework, and
types of assessment. An optimal level of difficulty and complexity of
learning experiences helps motivate students. Students respond positively
to being intellectually challenged: therefore, the curriculum does not
need to be watered down for reluctant learners. Students who are not
already committed to learning science respond to a curriculum in which
the context of what they are learning is explained, giving their activities
meaning beyond the classroom.

Positive emotions, such as curiosity, are motivating; and mild anxiety can
help focus students’ attention. Conversely, intense negative emotions
(anxiety, panic, insecurity, and fear of punishment or ridicule) detract
from motivation and interfere with learning. If classroom climate values
learning above performance, teacher comments rather than grades can
motivate further learning. Motivation also can be enhanced by social
opportunities — collaboration in designing experiments, peer reviews,

and publishing findings.
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Classroom Implications

Science teachers know that many students — particularly the youngest —
have a drive to solve scientific problems, and an equally great ability to
generate new problems through limitless questions. One way to keep that
motivation intact is to choose instructional materials that emphasize
direct student involvement with natural phenomena. Equally promising
is problem-based learning, where the social impact or meaning for the
investigation is clear and provides a context for assignments.

Cooperative learning provides a social context that motivates many
students; provides support — and reduces anxiety for — language
learners; and affords opportunities over time to showcase diverse
learning styles and talents. Careful planning of the roles assigned to
students in groups, the choices offered, and the kinds of social
interactions expected can increase the effectiveness of cooperative
learning.

Portfolios of student work help show progress toward subject matter
mastery and — when examined carefully by student, teacher, and parent —
can motivate a child to keep learning. Unfortunately, grades can have the
opposite effect. When specific criteria for grades are discussed in detail
before the work begins, however, students are more motivated. Rubrics
provide enough detail to model exactly what is expected. Some teachers
have students participate in setting the criteria. Constructive teacher
feedback can also serve as a powerful motivator of learning.

Students can increase self-motivation and success by learning how to
learn. Teachers and parents can help by pointing out the student’s
strengths and explicitly teaching strategies for overcoming weaknesses.
Students should learn to plan, monitor, and revise and reflect on their
own learning. Also, some students, believing they lack a “talent” for
science, need to be convinced that effort can overcome any (perceived)

lack of ability.

Students are motivated by teachers who can explain connections among
science disciplines, the nature of science, the history of science and
technology, and how science is applied in real life. Professional
development in science content must be ongoing. Teachers need to
practice turning “Why?” questions into testable ones. Time to read,
attend classes, and meet with peers is essential to teacher improvement.
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o Teaching

How does linking instruction with assessment
impact student learning?

Ongoing embedded
classroom assessment
should promote
student learning.

Research and Best Practice

Classroom assessment is an essential tool for supporting and monitoring
student learning of science standards. It should be aligned with
instruction in at least three important ways. First, classroom assessment
within a unit should reveal to teachers what individuals and groups of
students know, understand, and can do with the material they are
learning. Ongoing assessments may include informal conversations with
and observations of students, open-ended performance tasks that reveal
student understandings and misunderstandings, and traditional paper-
and-pencil tests such as multiple choice. Teachers should decide what
type of ongoing assessments to use based upon learner and instructional
needs. It is more effective to have frequent, short assessments using a
variety of strategies than infrequent, long assessments.

Second, ongoing embedded classroom assessment should promote
student learning. When solving problems that require the application and
integration of knowledge, a student learns not only the skills and
reasoning needed to approach novel problems, but also begins to develop
deep understanding of new science concepts. For assessment to promote
learning, it should be accessible to students (that is, it must use the skills
and knowledge that students have already mastered), motivating, and
contain valuable science skills and content. This requires teachers to
carefully construct, adapt, or design assessments that promote learning.
Teachers must facilitate students’ working through misconceptions
toward the acquisition of new concepts and processes. Teachers should
collaborate with their peers to generate quality assessments.

Third, classroom assessment should help students monitor their own
learning. When students know what is expected of them, through
feedback and grading criteria, they are better able to keep track of their
own mastery of the material. Grading should be made clear to students
through rubrics that are written at a developmentally appropriate level.
When students know what aspects of a skill or concept will be assessed
(e.g., written communication of their experimental design), they are more
likely to complete assessments to meet the scoring criteria.
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Classroom Implications

National or state standards — what students should know and be able to
do — provide the link between instruction and classroom assessment.
During the process of planning instruction and assessment, teachers
develop achievement targets that are aligned with standards. Appropriate
curriculum and instruction will support student progress toward
achievement targets as documented by assessments. When aligning
instruction and assessment, teachers should consider five interrelated
achievement targets. They are

» Knowledge students need to master

+ Kinds of investigations and performance tasks students need to
be able to design and complete

e Skills students must be able to demonstrate

* Products students must be able to create

* Attitudes toward science the teacher hopes students attain

Knowledge provides the foundation for the other four targets. Science
inquiry is necessary for skill demonstration and product development.
Positive attitudes toward science result from the amount of success in
academic performance.

Constructive teacher feedback that addresses specific qualities of student
work enhances learning. At the beginning of a unit of study teachers
should pre-assess student knowledge and skills. Based upon the
preassessment results, teachers should design an instructional program
that promotes successful learning experiences for each student.
Embedded assessments within a science unit should blend strategies
such as performance-based tasks, informal assessments (e.g., teacher
observation and communication with students), journals, and traditional
paper-and-pencil tests (e.g., short answer) that mirror day-to-day
classroom instruction. Teachers should strive for assessments that ask
students to apply concepts to real-world situations. Assessments also need
to be fair to all students and accommodate a variety of developmental
levels and learning styles.

As teachers examine student work and review assessment data, they
should look at what students know and can do in addition to the
opportunities that have been provided for students to learn. Student
results should guide further instruction and assist students with
information for improvement.
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Science
o Jeaching

How can a science teacher ensure a safe

teaching and learning environment?

“Inherent in many
instructional settings
including science is
the potential for
injury and possible
litigation. These issues
can be avoided or
reduced by the
proper application
of a safety plan.”

Position statement on safety and
school science instruction.
Adopted 2000.

National Science Teachers
Association.

www.nsta.org

Research and Best Practice

High quality science teaching includes interaction with materials through
demonstrations, laboratory investigations, and field trips. With increasing
emphasis on active, student-centered learning, it is important for science
teachers to be as knowledgeable as possible about safety issues and their
responsibilities. It is imperative that teachers set a good example by
following professional safety guidelines.

Science teachers have three basic legal responsibilities, known as duties.
First is the duty of instruction on all foreseeable and reasonable hazards.
Teachers should provide adequate instruction on safety procedures and
concerns before students conduct laboratory investigations. Teachers also
have the duty of supervision, which includes ongoing monitoring of
student activities. They should make sure students behave properly in
light of any foreseeable dangers. Finally, teachers have the duty to
maintain a safe environment for students and faculty.

There are many components of an effective safety program at the
classroom level. They include safety checklists; safety rules and guidelines
established by national, state, and local regulatory agencies and
organizations; procedures for purchasing, storage, and disposal of
chemicals, and care and handling of animals and plants; accident ‘
guidelines; use and maintenance of protective equipment; and a safe -
physical layout of the classroom: Science teachers should have frequent
updates and training on science safety issues and current rules and
regulations. Topics should include how to handle emergency situations
and knowledge about legal liabilities.

Administrators and districts have safety responsibilities as well. Students
should learn science in a science-equipped classroom that has adequate -
ventilation. Class size should be appropriately limited. Written procedures
should meet or exceed the standards adopted by the Environmental
Protection Agency (EPA), the Occupational Safety and Health
Administration (OSHA), and/or appropriate state and local agencies
regarding use of materials and equipment, management of hazardous
materials, and disposal and storage of chemical and biological products.
Districts should provide safety and personal protective equipment,
appropriate documentation, and necessary annual science teacher
training. Teachers should be informed of the nature and limits of liability
and tort insurance carried by the district, and of individual student health
concerns.
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Classroom Implications

Duty of instruction requires that teachers provide students with
information prior to investigation that

* Is accurate

s Is appropriate to the situation, setting, and maturity of the
students

* Addresses reasonably foreseeable dangers

* Identifies specific risks

* Explains and models proper procedures to be used

* Describes appropriate conduct in the lab

Both students and parents should receive written copies of safety
guidelines for the science classroom. Teachers may choose to present this
information as a safety contract to be signed by the student, parents, and
the teacher.

In responding to the duty of supervision, a teacher must always keep
safety foremost in mind. Misbehavior should never be tolerated, and
students should always be supervised in the science classroom and
elsewhere. Younger students and those with special needs require a
greater level of supervision, as do all students during activities with
higher levels of potential danger. Safety equipment, such as fire
extinguishers, and personal protective equipment, such as eye wash
stations and goggles, should always be available and used when
appropriate. Food and drink should never be permitted in any space
where hazardous chemicals or materials are used.

»

Duty of maintenance requires that teachers should follow all safety
guidelines for proper labeling, storage, and disposal of chemicals.
Material Safety Data Sheets (MSDS) should be available in compliance
with OSHA and other federal regulations. Teachers should establish and
follow safety inspection schedules and operational procedures. They
should never use nor ever allow students to use defective equipment.
When hazardous conditions exist, teachers should immediately file a
written report with appropriate administrators. Districts should provide
and require all teachers to attend ongoing science seminars or training
on all aspects of safety, including rules, regulations, and legal liabilities.
Safety notebooks that are regularly updated for all district science
teachers are a useful tool for discussion and professional development.
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Science
o Teaching

How does teacher content knowledge impact

instruction?

“One of the most
serious questions in
science education is
what science a
teacher needs to
know.”

National Research Council,
1996, p. 59.

Research and Best Practice

Three of the Science Teaching Standards within the National Science
Education Standards are: planning an inquiry-based science program,
guiding and facilitating learning, and assessing students. The national
standards also recommend that teachers have deep understanding of
scientific inquiry and the fundamental facts and concepts in major
science disciplines; be able to make conceptual connections within and
across science disciplines, as well as with other content (e.g.,
mathematics); and use scientific understanding and ability when
addressing personal and societal issues.

A study of the relationship between teacher quality and student
achievement indicates that teachers with more content knowledge are
better at seeking information from students through questioning and
discussions than teachers with less content knowledge. The same
research also shows a positive correlation between the number of science
courses taken by teachers and the extent to which their students report
liking science. Teachers expert in science content notice meaningful
patterns of information, are able to apply their knowledge, and can easily
retrieve important aspects of their knowledge. In contrast, teachers with
superficial science content understanding often emphasize memorization

~ of isolated facts, rely too much on textbooks, are limited in creativity, ask

lower-level questions of students, and are unable to help students make
connections among concepts.

However, teacher content knowledge alone is not enough to ensure
effective teaching. Many studies indicate that teaching strategies used in
the classroom also play an important role in improving student
achievement. These studies consistently show that the quality of teaching
is influenced by a teacher’s content background and use of effective

pedagogy.
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Classroom implications

Teacher education programs should require laboratory and field-oriented
experiences in all of the earth/space, life, and physical sciences. Even if a
teacher is intending to become certified in just a single science
discipline, physics for example, the value of such preparation lies in the
holistic and interdisciplinary understanding of science that it provides.
Science teacher preparation course work, from both science departments
and education departments, should enable teachers to

+ Teach significant earth/space, life, and physical science content to
all students

+ Explain any science topic in the context of the unifying concepts
and processes of science

* Promote student inquiry competencies in a variety of activities
such as laboratory investigations, field work, and discussion

» Embed science processes such as investigating natural
phenomena, interpreting data, and communicating conclusions
into learning activities

* Relate learning science to understanding about technology,
personal and social perspectives, historical issues and cultural
values

* Coach students in the use of decision-making and valuing
procedures in the investigation of scientific societal problems

* Encourage the application of basic mathematics and computer
skills to inquiry and analysis

* Model an inquiry approach to learning about natural phenomena

» Make connections across scientific disciplines and other
disciplines (e.g., mathematics, social sciences, language arts)

These capabilities are outlined as student expectations for content

competency in the National Science Education Standards. Certainly they
should apply to their teachers as well.
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Science
o Teaching

How does teacher pedagogical knowledge
impact instruction?

Research and Best Practice

Pedagogical knowledge means understanding the methods and strategies
of teaching. Specific methods or strategies that have been proven to work
well in one content area, such as science, are referred to as pedagogical
content knowledge. Good pedagogical content knowledge in science is
the ability to teach science well.

As teachers’ According to the National Science Education Standards, the most direct route
pedagogical content to improving science achievement for all students is through better
science teaching. However, despite significant changes throughout society
over the last half-century, teaching methods in most science classes have
remained virtually unchanged. Many science students spend much of
their time memorizing facts and definitions.

knowledge increases
within the context of a
strong knowledge of

content, their ability to Student knowledge improves substantially when their teachers have
impact student learning | strong content and pedagogical knowledge. Strong teacher content

also increases. knowledge alone does not change student knowledge. On the other hand,
use of effective pedagogical methods without adequate content
knowledge does not improve student achievement substantially, and in
some cases may actually reinforce student misconceptions.

Three components influence student achievement: teacher characteristics
(e.g., educational background, years of experience), professional
development (e.g., training to support classroom practices), and
classroom practices (e.g., small-group instruction or hands-on learning).
The greatest role is played by classroom practices. The most effective
practices engage students in higher-order thinking skills and hands-on
learning activities. Other proven teaching practices that increase student
conceptual understanding, thinking skills, and often attitudes, include
use of a learning cycle lesson plan (e.g., exploration, invention, and
application), cooperative learning, wait time, graphic organizers (e.g.,
concept maps), realistic computer simulations or actual observations,
clear objectives, and ongoing feedback on student work.

Specific strategies that assist students with learning for deeper
understanding encompass generating and testing hypotheses;
determining similarities and differences (e.g., comparing, classifying,
using metaphors and analogies); summarizing and notetaking; and
activating prior knowledge about science concepts. In addition,
professional development tailored to increase teacher repertoires of
classroom practices, coupled with content knowledge, supports high
student academic performance.
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Classroom Implications 'References
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classroom back into discussions L
of teacher quality. i

Teachers need to observe, practice, and refine high-quality teaching to D

Wolfe, P. (2001). Brain matters:
Translating research into
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master the art of teaching science well. As teachers’ pedagogical content
knowledge increases within the context of a strong knowledge of content,
their ability to impact student learning also increases.
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What is the role of professional development in
improving teaching in science?

Research and Best Practice

The most powerful instrument for change lies at the core of education
with teaching itself. The way to foster students’ interest and learning in
science is through competent teachers who are not only enthusiastic
about their subject, but who are also steeped in their disciplines and who
have had sustained professional learning opportunities. Professional
The quality of science development plays a pivotal role in enabling standards to transform

. science teachers’ classroom practices.
teaching depends...on P

how schools structure In the past, professional development meant skill training. Since the

teachers’ work current reform effort requires a substantive change in how science is-

assignments, teachers’ taught and learned, an equally substantive change is needed in

learning opportunities, professional development practices. The National Science Education

and the school-level Standards describe Standards for Professional Development for Teachers
of Science in terms of what teachers need to learn and how they need to

climate of professional
inquiry to support
student achievement. What is required goes beyond skill training to organizational
development, which involves not just changes in individual teachers’
beliefs and abilities, but also improvements in the capacity of the
organization to solve problems and renew itself. Organizational
development involves transforming schools into centers of inquiry —
that is, centers of continuous learning for students, teachers, and
administrators alike. This reform requires a comprehensive, rather than
a piecemeal approach to professional and organizational development.

learn it.

Effective professional development should include three components to
nurture continuous improvement: context, process, and content. Context
refers to the system or culture where new learnings will be implemented;
process addresses how new knowledge and skills will be acquired; and
content encompasses skills and knowledge needed for classroom
teaching. Professional development requires careful planning that should
be guided by a design process. Plans need to encompass what is known
about learners and learning, teachers and teaching, the nature of science
as a discipline, principles of effective professional development, and
knowledge about change and the change process. The needs of teachers
are integral to the planning process.
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What are the characteristics of effective

professional development for science?

“Much of what
constitutes the typical
approach to formal
teacher professional
development is
antithetical to what
promotes teacher
learning.”

Bransford, . D., Brown, A. L., &
Cocking, R. R., 1999, p. 240.

Research and Best Practice

Improving teacher quality is the key to increasing student learning. In the
past, short episodic pullout training transmitted discrete skills and
techniques to teachers who were then expected to deliver content to
students. A growing consensus about effective professional development
is that it is most powerful when embedded in the daily work life of
teachers to create a collaborative culture of inquiry about student
understanding. In this environment, teachers learn new content and
teaching practices, apply them in the classroom, then reflect on the
results.

In this approach to professional development, teacher dialogue about
teaching and learning, is guided by

* What state and national standards identify as the most important
content and strategies for student learning

*  What collected data (e.g., performance assessment, student
observation, student interviews, standardized test results) tell
about student learning

* What their own inquiries (e.g., action research, study groups) tell
them about improved practice

In this way, teachers build professional communities, reduce professional
isolation, and remake their professional culture. The most effective
scho